S
ince the first face transplantation in 2005, 31 cases have been performed worldwide, 1, 2 including the most recent case performed at our institution. Face transplantation provides functional and aesthetic restoration to severely disfigured patients with reported outcomes that surpass those achieved with conventional reconstructions. [3] [4] [5] [6] This revolutionary operation replaces damaged or missing facial units such as forehead, eyelids, nose, lips, chin, and cheeks with functional and aesthetically equivalent allografts. 7, 8 Face transplantation is a complex surgical procedure because patients typically have extremely complex anatomy secondary to severe injury or prior reconstructive attempts. A multidisciplinary team and extensive preoperative planning are required, for which imaging plays a vital role. As previously described in the literature, preoperative imaging aids in determining the facial defects and planning of arterial and venous anastomoses. [9] [10] [11] Postoperative imaging has been useful in identifying and diagnosing postsurgical complications.
Following face transplantation, facial swelling, fluid collections, and lymphadenopathy are common. Differential diagnoses for these findings are broad. Major differential considerations for postoperative fluid collection include seroma, hematoma, lymphocele, abscess, and salivary gland leak. Differential considerations for postoperative lymphadenopathy include rejection, inflammation, posttransplantation lymphoproliferative disease, and infection. Image-guided aspiration has readily triaged these patients with face transplants.
CASE SERIES

Patient Population
We reviewed medical records, pre-and posttransplantation imaging studies, posttransplantation image-guided procedures, and microbiology, chemistry, and pathology results for 6 consecutive face transplantations performed at the Brigham and Women's Hospital between April 2009 and March 2014. This sample comprises the first partial face transplantation, the next 4 full-face transplantations, and the sixth face transplantation, which was partial. The investigation was approved by our institutional review board and is Health Insurance Portability and Accountability Act-compliant. Written informed consent was obtained from each patient.
Image-Guided Procedures
The procedures, including fluid aspiration, lymph node biopsy, and botulinum toxin injection were performed with sonography, CT, or MR imaging guidance. The choice of imaging technique was based on which one best demonstrated the target and adjacent structures. For instance, sonography was chosen for aspiration of a superficial fluid collection, CT was chosen if a target was deep or behind a bony structure, and MR imaging was chosen in cases in which precise soft-tissue characterization was required (eg, evaluation of a potentially displaced native salivary gland and point of salivary leak). All diagnostic study interpretations and interventional procedures shown were performed by a board-certified neuroradiologist (T.C.L.).
Image-guided aspiration and lymph node biopsy were performed with standard image-guided techniques following administration of local anesthesia. Aspiration was performed with 25-, 22-, and 20-ga needles and was sent for microbiology and chemistry testing. Lymph node biopsy was performed with an 18-ga core-needle-biopsy device and was submitted to pathology. In cases of salivary gland leak, 0.4 mL (40 U) of botulinum toxin followed by 0.1 mL of saline was administered in each salivary gland at the suspected point of leakage. After all needles were removed, postbiopsy imaging was performed with the same technique, to evaluate immediate postoperative complications.
Patient 1
Patient 1 underwent the first face transplantation in the Northeast or East Coast in the United States in April 2009 after sustaining massive third-and fourth-degree facial burns secondary to a highvoltage subway rail injury (Fig 1A, -B) . There was significant facial swelling and erythema in the immediate postoperative period without fever. A skin-punch biopsy was performed, showing patchy perivascular chronic inflammation with foci of lymphocytic vasculopathy, consistent with early grade I acute rejection. The patient had 2 more episodes of acute rejection, both of which presented clinically with facial swelling and erythema. All bouts of rejection were responsive to pulse steroids and immunosuppressive therapy.
Five months following the transplantation, the patient presented with left orbital and nasal bridge pain and increased leftface swelling in the setting of low-grade fever preceded by a viral upper respiratory infection. CT performed at this time revealed extensive soft-tissue edema throughout the left periorbital region and left face ( Fig 1C, -D ), extending caudally to the level of the thyroid gland. There was no soft-tissue gas or drainable collection. The patient was placed on broad-spectrum antibiotics with rapid improvement of symptoms, favoring cellulitis or parotitis as the underlying diagnosis.
Patient 2
Patient 2 sustained a high-voltage injury to the face and left hip in November 2008 with fourth-degree facial burns and bilateral blindness (Fig 2A) . Full-face transplantation was performed in March 2011. The immediate postoperative period was uneventful. On postoperative day 8, the patient developed leukocytosis, facial swelling, and focal fullness along the left lower margin of the facial allograft (Fig 2B) . CT performed at this time demonstrated a large submental fluid collection, a preparotid fluid collection, and multiple enlarged submandibular and submental lymph nodes. A stitch along the left lower margin of the allograft was removed, and the fluid obtained was sent for culture, which later grew Candida albicans and Pseudomonas aeruginosa. The patient was subsequently treated with cefepime and micafungin. A repeat CT performed 2 weeks following the operation showed that the submental collection was more conspicuous (Fig 2C) , prompting sonography-guided aspiration, which yielded 25 mL of sanguineous fluid with a high amylase level and low pH, compatible with salivary gland leak. Culture grew C albicans, and the antibiotic was switched to fluconazole. Finally, both submandibular glands were injected with botulinum toxin under CT guidance (not shown), which successfully treated the salivary gland leak.
Patient 3
Patient 3 sustained high-voltage facial injury in a motor vehicle collision from a fallen telephone pole (Fig 3A) . The patient did well in the immediate postoperative period but presented 3 weeks following the transplant with low-grade fever, facial swelling, and facial erythema (Fig 3B) . MR imaging was performed and revealed a small left-sided submandibular fluid collection with 2 adjacent enlarged lymph nodes (Fig 3C) . On physical examination, facial edema and erythema were not localized to this left submandibular fluid collection, and there was no focal tenderness at this site. Aspiration of this fluid collection was, therefore, not performed, because this was thought to represent postoperative seroma rather than infection. As with all patients post-face transplantation pre- senting with facial edema, a skin-punch biopsy was performed, which, in this case, demonstrated grade I/II rejection. The patient's symptoms subsequently resolved with pulse steroid therapy.
Patient 4
Patient 4 was attacked by a chimpanzee, sustaining severe facial injuries (Fig 4A) . Full-face transplantation was performed in May 2011. Four weeks following the transplantation, the patient presented with facial swelling and erythema (Fig 4B) . CT revealed a 4-cm conglomerate nodal mass with low-attenuation necrosis in the right submandibular region (Fig 4C) . There was also a 1.8-cm fluid collection deep to the right zygoma with surrounding stranding and a 1.5-cm rim-enhancing fluid collection within the left submandibular region. CT-guided biopsy of the necrotic right submandibular mass was obtained, yielding inflammation without evidence of pus, rejection, or infection. CT-guided aspiration of the fluid collection deep to the native right zygoma was also performed (Fig 4D) . Cultures grew Enterococcus species. The patient was placed on amoxicillin/clavulanic acid.
Patient 5
Patient 5 was a female with extensive burn injuries in 2007 after an assault with industrial lye (Fig 5A) . Full-face transplantation was performed in February 2013. Two weeks following the surgery, the patient presented with facial swelling (Fig 5B) . CT showed soft-tissue edema, lymphadenopathy, but no drainable fluid collection (Fig 5C, -D) . Skin biopsy was consistent with grade I/II rejection, which was treated with plasma exchange.
Patient 6
Patient 6 had a remote gunshot injury to the face (Fig 6A) . Partial face transplantation was performed in March 2014. In the first week following face transplantation, the patient developed increasing swelling of the right neck (Fig 6B) . An enhanced CT scan of the head and neck revealed no rim-enhancing collection to suggest abscess; however, there was a large ill-defined fluid collection around the possibly posteriorly displaced native right submandibular gland extending to the right parotid gland (Fig 6C) . Because the suspected right submandibular gland was altered in both shape and position, a differential consideration at the time included an enlarged lymph node. Review of the preoperative imaging, however, confirmed that the right submandibular gland was still present, while the left was absent, presumably due to the injury. There was no significant fluid around the 2 donor submandibular glands, which were treated with botulinum toxin injection at the time of transplantation. MR imaging-guided aspiration yielded fluid with a high amylase level, in keeping with a salivary leak (Fig 6D) . MR imaging-guided botulinum toxin injection was performed at the right parotid gland and the suspected posteriorly displaced native right submandibular gland (Fig 6E, -F) . Right-neck swelling subsequently resolved.
DISCUSSION
Prior literature on face transplant imaging has focused on preoperative imaging for planning of vascular anastomoses. In this article, we describe how early post-face transplantation imaging plays a vital role in identifying potential postoperative complications, particularly facial edema, fluid collections, and lymphadenopathy. Early postoperative imaging demonstrated facial edema and lymphadenopathy in all 6 cases and fluid collection in 4 cases.
Postoperative facial edema can be explained by a variety of etiologies, including lack of postsurgical lymphatic drainage, inflammation, infection, salivary gland leak, and rejection. Correlation with clinical examination and skin biopsy is helpful in making the diagnosis. At our institution, skin biopsy is obtained post-face transplantation on all patients who develop facial swelling, to evaluate rejection. Imaging with either sonography, CT, or MR imaging should be performed to evaluate the presence of a loculated fluid collection, which would favor an infectious process or salivary leak, in which case, the patient will likely benefit from image-guided aspiration for a definitive diagnosis.
Image-guided aspiration of a fluid collection was performed in 3 patients, yielding definitive diagnoses in all cases, demonstrating either infection and/or salivary gland leak. In 2 patients in whom infection was identified, broad-spectrum antibiotics or antifungal agents could subsequently be tailored to the isolated organism. Lymph node enlargement was observed in all patients with face transplants. Lymphadenopathy may be related to graftversus-host reaction, infection, inflammation, or lymphatic stasis. While lymphoproliferative disorders have not been observed in our patient population, Epstein Barr virus-related lymphoma has previously been reported in the literature. 12 Both lymph node enlargement and facial swelling were noted to resolve in all patients 6 weeks to 2 months following surgery. In the absence of rejection and infection, this resolution in lymphadenopathy is likely secondary to restoration of postsurgical lymphatic channels.
Salivary gland leak is a surgical complication particularly related to face transplantation. Patient 2, the first patient with a full transplant, was found to have a salivary gland leak, which was treated successfully with bilateral submandibular gland botulinum toxin injection. This injection has previously been used in the setting of sialorrhea secondary to Parkinson disease, stroke, head and neck cancer, and neurodegenerative disease. 13 Given our success in this treatment with post-face transplantation salivary leak, all subsequent full-face transplantations performed at our institution had intraoperative submandibular gland botulinum toxin injection without image guidance as a preventive therapy. None of the subsequent cases of face transplantation experienced salivary leak except patient 6, in whom the salivary leak may have been related to particularly difficult intraparotid facial nerve dissection and/or suspected remnants of a native right submandibular gland posteriorly displaced by the allograft. Botulinum toxin injection is directed at the site of leaking if this can be identified at imaging by the relationship of the fluid collection to the week following partial face transplantation shows right lower face and neck swelling. C, Posttransplantation CT demonstrates bilateral donor submandibular glands (white arrows), which had been injected with botulinum toxin at the time of transplantation. CT also shows a possible posteriorly displaced native right submandibular gland (green arrow), surrounded by fluid. Because the gland is altered in both shape and position, a differential consideration at this point includes an enlarged lymph node. D, Axial T2-weighted image obtained during MR imagingguided aspiration of the fluid collection (red arrow). Aspirated fluid had a high amylase level, in keeping with salivary leak. E and F, Axial T2-weighted images obtained as the needles (yellow arrows) were advanced for botulinum toxin injection in the superficial right parotid gland at the site of suspected leak, determined by a tapered narrowing of the fluid collection toward the lateral aspect of the gland (E), and in the suspected posteriorly displaced native right submandibular gland (F). Injection of the native right submandibular gland was targeted at its anterior portion, closest to the adjacent fluid collection.
gland. For instance, in patient 6, there appeared to be a tapered narrowing of the fluid collection toward the lateral aspect of the right superficial parotid gland, and botulinum toxin injection was targeted at this site.
CONCLUSIONS
Face transplantation is a complex procedure, which is being performed with increasing frequency. Early postoperative face transplantation complications are varied, including rejection, infection, abscess, lymphocele, hematoma, and salivary gland leak. Postoperative sonography, CT, or MR imaging can easily identify discrete fluid collections in the setting of postoperative facial swelling. Once a fluid collection is identified, image-guided aspiration is a minimally invasive technique, which provides a rapid definitive diagnosis that guides therapeutic management. Image-guided botulinum toxin injection has been effective as a preventive and therapeutic procedure for salivary leak.
